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Abstract This work summarizes the history and progress of the studies on Chinese amphibians since they first ap- 
peared in the Chinese literature. A wide range of research has been carried out, including the history of the definition of 
amphibians, faunal surveys, systematic research, ecological research, biochemical research (isozyme and other proteins 
or peptides, chromosomes, DNA), anatomical research, embryological research, phylogenetic and zoogeographical re- 
search, and many others such as ultrastructure of organs, crossbreeding test, regeneration of organs, abnormality survey, 
acoustics, fossils, sperm ultrastructure and parasites. In addition, the prospects for studies on Chinese amphibians in 


future are proposed in this paper. 
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1. Introduction 


China is located in east Asia and covers a land area of 
approximately 9.6 million km’. Due to the vast territory 
occupied by this country, extremely different landforms, 
complex environments, and diverse climates and vegeta- 
tion, China is very rich in amphibians, not only contai- 
ning extremely numerous rare and endemic species, but 
also preserving a large number of relic species. Presently, 
there are 386 species, and 10 subspecies, belonging to 76 
genera, 13 families and 3 orders, of which three species 
are invasive aliens, and 242 species are endemic to China, 
accounting for 62.8% of the total amphibians of China 
(Jiang et al., in press). This work summarizes the history 
and progress of the studies on Chinese amphibians since 
they first appeared in the Chinese literature, and proposes 
the prospects of the studies on Chinese amphibians in the 
future. 


2. Brief Historical Studies on Amphibians 


References were found for the Chinese historical records 
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on amphibian research for at least 3000 years: toads 
(maybe Bufo gargarizans) were equated to ugliness and 
wickedness in ‘The Book of Songs’ (-3000 years ago), 
but frog (Æ, Æ) had been inscribed on bones or tortoise 
shell approximately 16 — 11" centuray B.C. (Guo et al., 
1999). “A 47 (Mermen, now called the Chinese giant 
salamander, Andrias davidianus), “iF/? ( meaning tad- 
poles), and “ Æ” (meaning frogs) were mentioned in ‘The 
Classic of Mountains and Seas’ (—2500 years ago). Am- 
phibians were divided into two groups: the worms and 
the fishes in the ‘Er Ya’ (—2000 years ago), an ancient 
book containing commentaries on classics, names etc, 
and into three groups in the ‘Origin of Chinese Charac- 
ters’ (A.D.100—121), that is, 1) group with the ‘Fish’ 
character including the Chinese giant salamander, 2) 
group with ‘Worm’ character including toads, and 3) the 
“Æ” with “frog” characters including toads. TAO Hong 
Jing (A.D. 502-549) listed the Chinese giant salamander, 
toads, and frogs as medicinal animals. In the “Compen- 
dium of Materia Medica’ (Li, 1596), amphibians were 
divided into two sections: Chinese giant salamander be- 
longing to the fishes without scales, and toads and frogs 
belong to worms of wet environment. These facts reflect 
a rudimentary understanding of amphibians in ancient 
China. 

In other countries, Linnaeus (1758; 10" Edition) was 
the first scientist to establish the biological classifications 
(sometimes known as “Linnaean Taxonomy”): kingdom, 
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phylum, class, order, family and genus, and the introduc- 
tion of the idea for a binomial nomenclature for naming 
species. The Class Amphibia was first adopted by Lin- 
naeus (1758; 10 Edition), including not only true am- 
phibians but also reptiles and some fishes, and was di- 
vided into three orders: 1) Reptiles, a group with feet 
including Testudo, Draco, Lacerta (containing crocodiles, 
lizards, and salamanders), and Rana; 2) Serpentes, a 
group without feet, including snakes, slowworm, and 
caecilian; and 3) Nantes, a group with fins. Frogs were 
easy to be distinguished from other groups and assigned 
in the genus Rana (sensus lato), but salamanders were 
assigned to so called Lacerta, and caecilians were as- 
signed to the order Serpentes. 

Generally speaking, the Class Reptilia was formally 
used by Laurenti (1768), and it contained three orders: 1) 
Salientia, including Pipa, Bufo, Rana and Hyla of tailless 
amphibians, and Proteus of tailed amphibians; 2) Gradi- 
entia, including salamanders Triton (=Triturus, Salaman- 
dra, lizards (Gekko, Chamaeleo, Iguana), and crocodiles 
(Crocodylus); and 3) Serpentia, including caecilian (Cae- 
cilia) and snakes (Amphisbaena, Anguis, Natrix, Coro- 
nella, Boa, Coluber, Vipera). 

On the basis of internal structures, reproductive modes, 
and development, Brongniart (1799) divided amphibians 
and reptiles into two groups: The first group was set up 
for reptiles, with caecilians assigned to the order Ophidii; 
and the second group was for Batrachia, 1.e., Batraciens, 
including Salamandra, Rana, Hyla, and Bufo, of which 
salamanders were separated from lizards for the first time. 
Latreille (1804) further indicated that Batrachii was 
characterized by tips of toes without claw, juveniles with 
gills, and metamorphism present in individual develop- 
mental process. Dumeril (1806) put forward two French 
terms, Anoures and Urodéles, the former means tailless 
amphibians, and the latter tailed amphibians. These two 
terms were Latinized as Anura and Urodela by Fischer 
van Waldheim in 1813 (Frost, 2010), which are two of 
the orders of living amphibians currently recognized. 
This was the first time to separate these taxonomic 
groups had been separated from reptiles. Oppel (1811) 
separated the group Apoda from the Class Reptilia and 
combined them with salamanders (Caudata) and frogs 
(Ecaudata) together as a larger group Nuda, of which the 
three groups correspond to the three orders of extant am- 
phibians recognized. From then on, amphibians were 
distinguished from reptiles with scales. It is necessary to 
explain here that the term Apoda had been preoccupied 
by a group fish Apodes in Latreille (1804), and then the 


former is the junior synonym of the latter. So the Apoda 
had been replaced by Gymnophiona (Rafinesque- 
Schmaltz, 1814) in amphibians. 

The opinion that the Class Amphibia should be sepa- 
rated from the Class Reptilia was widely adopted by 
herpetologists (Gray, 1825; Wagler, 1828, 1830; Fitzinger, 
1826, 1843; Günther, 1858). Boulenger (1890) indicated 
that Amphibia was a transition group between Pisces and 
Reptilia. Dubois (1991) suggested Batrachology as a dis- 
tinct scientific discipline to study amphibians. 


3. Progress in Surveys and Studies of Chinese 
Amphibians 


3.1 Surveys and studies of Chinese amphibians prior 
to 1950 

3.1.1 By foreign scientists Linnaeus (1758) was the 
first foreign researcher to record Chinese amphibians 
identified from the specimens that had been brought to 
Europe by Marco Polo in the 13" Century. Swede Osbeck 
(1771) was the first person to collect specimens of am- 
phibians in China in the 18" century and recorded the 
species Rana chinensis (= Hoplobatrachus chinensis) 
from Guangdong Province (= Canton in the literature) of 
China. Wiegmann (1835) recorded a new species Rana 
rugulosa (= Hoplobatrachus chinensis) embedded in 
specimens collected from Hong Kong, Macau, and 
Guangzhou by Meyen in 1831. In order to establish a 
museum, the Dutch in 1820 collected many amphibian 
specimens from Southern Asia, China, and Japan, and 
those specimens from China including the genera Andrias, 
Hynobius, Onychodactylus, Cynops, Leptobrachium, Hy- 
larana, Polypedates, Buergeria, Theloderma, Microhyla 
and Kalophrynus, which were denominated by Tschudi, 
and the genera Ichthyophis, Pelophylax and Limnonectes 
denominated by Fitzinger. The creation of these genera 
provided an important basis for further taxonomic studies 
of Chinese amphibians. 

From 1840 to 1949, herpetologists from Britain, Ger- 
many, Russia, France, Austria, USA, and Japan came to 
China in different periods to survey amphibians and col- 
lect specimens. 45 new species were published by the 
British herpetologists in 35 articles, 17 new species by 
the American in 50 articles, 9 new species by the German 
and French each in 32 articles, 7 new species by the Rus- 
sian, and 3 new species by the Japanese. According to 
preliminary statistics, more than 80 new species pub- 
lished by them are now valid. Even though the type lo- 
calities of the above new species are in China, the type 
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specimens are now preserved in various museums of dif- 
ferent foreign countries. There were approximately 70 
colleagues collecting and writing about 170 articles on 
Chinese amphibians. The following are the summaries of 
the major contributing countries and colleagues. 

Cantor from England collected amphibians in Zhou- 
shan (= Chusan) of Zhejiang Province from 1840 to 1842, 
from which a new species Bufo gargarizans was disco- 
vered, and Rana nigromaculatus was incorrectly named 
as Rana esculenta (Cantor, 1842). Hodgson collected 
amphibian specimens in Tibet, China from 1845 to 1859. 
Swinhoe surveyed some regions in China including Tai- 
wan, Penghu and Xiamen in 1861, also in the Hainan 
Island and the Leizhou Peninsula of Guangdong, and 
along the Yangzi River in 1868 and 1869, and he pub- 
lished his survey results in his List of reptiles and batra- 
chians collected in the Island of Hainan (Swinhoe, 1870a) 
and Notes on reptiles and batrachians collected in va- 
rious parts of China (Swinhoe, 1870b). After that, Blyth, 
Gray, and Giinther studied these specimens and published 
new species of amphibians and reptiles in the following 
several decades. From 1858 to 1896, Giinther published 
20 papers, discovering 11 new species of amphibians, of 
which four species with type localities in China include 
Hynobius chinensis and Rana boulengeri (=Qusipaa 
boulengeri) (Günther, 1889), collected in Yichang of 
Hubei Province by Pratt, Bufo mammatus (=Aelurophryne 
mammatus) (Günther, 1896), collected by Potanin, and 
Nanorana pleskei (Ginther, 1896) by Berezowski. Giin- 
ther (1896) published a new genus Nanorana. Gray pub- 
lished two new species, Cynops chinensis Gray 1859 
(=Paramesotriton chinensis) and Kaloula pulchra Gray, 
1831. 

Hallowell from the USA (1860) published 47 new 
species and 10 new genera of amphibians and reptiles 
from the specimens collected in Japan, Ryukyu Islands, 
Hong Kong, and Java by John Rogers and his colleagues. 
China is the type locality for 10 of the species, of which 6 
are amphibians, including Rana multistriata (=Fejervarya 
multistriata), Rana trivittata (~Hylarana macroductyla), 
Rana nebulosa (a nomen dubium, it’s of incertae sedis in 
the genus Odorrana; Frost, 2010), Bufo griseus (=Bufo 
gargarizans), Engystoma pulchrum (=Microhyla pulchra) 
and Polypedates megacephalus, and they were all col- 
lected in Hong Kong. 

Anderson from England went to Burma and south- 
western Yunnan twice since 1868 and collected many 
specimens. From 1871 to 1879, several articles were pub- 
lished, including ‘Mandalay to Momien: A Narrative of the 


Two Expeditions to Western China of 1868 and 1875’ 
(1876), and ‘Anatomical and Zooll Researches: Com- 
prising an Account of the Zooll Results of the Two Expe- 
ditions to Western Yunnan’ (1878), and 9 new species of 
amphibians and one new genus Tylototriton were pub- 
lished (1871). 

From 1862 to 1873, French missionary David sur- 
veyed in Beijing, Hebei, Inner Mongolia, Shanxi, 
Shaanxi, Zhejiang, Fujian, Jiangxi, and Sichuan, and 
published 8 new species of amphibians, 6 are still valid, 
and 3 collected from Baoxing County of Sichuan (David, 
1871): Dermodactylus pinchonii (= Batrachuperus pin- 
chonii), Polypedates mantzorum (= Amolops mantzorum) 
and Polypedates dugritei (=Rhacophorus dugritei). In 
addition, he collected specimens of Sieboldia davidiana 
(=Andrias davidianus) denominated by Blanchard (1871) 
for memory of his contribution to this species. 

From 1878 to 1920, Boulenger, a Belgian-British zo- 
ologist, examined many of the specimens of amphibians 
that were preserved in the British Museum and collected 
from northeastern China, Shandong, Fujian, Taiwan, Si- 
chuan, Yunnan, and adjacent countries including Korea, 
Japan, Viet Nam, Burma, India and Nepal by Holst, Mol- 
trecht, Berezowki, Sauter, Graham, Dymond and Tonche, 
and published more than 60 papers, of which ‘Catalogue 
of the Batrachia Salientia s. Ecaudata in the Collection 
of British Museum’ (1882), ‘A Revision of the Oriental 
Pelobatid Batrachians(Genus Megalophrys)’(1908), ‘A 
Monograph of the South Asian, Papuan, Melanesian and 
Australian Frogs of the Genus Rana’(1920) narrated 36 
new species and 5 new genera of amphibians. The type 
localities of more than 20 species are in China. 

In 1911, Scottish zoologists Annandale and Hodgart 
surveyed amphibians in Abor (southern part of Medog, 
Tibet, China), the boundary between Southeastern Tibet 
of China and Northeastern India, and collected many 
amphibian specimens. 25 species, including 5 new spe- 
cies, were recorded in ‘Zooll Results of Abor Expedition 
1911-1912’ (Annandale, 1912) including the collection 
of Kemp. 

Smith, from England, surveyed amphibians several 
times in Southeast Asia, and in 1923 he surveyed Hainan 
Island. He published seven new species pertaining to 
China, of which two new species were found on Hainan 
Island (Smith, 1923). 

Russian explorer Przewalsky and his colleagues vi- 
sited China four times in the Amur River region, Inner 
Mongolia, Xinjiang, Gansu, and Qinghai, and collected 
more than 8500 specimens of animals, belonging to 680 
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species, most of which were preserved in the Institute of 
Zoology, Russian Academy of Sciences. Bedriaga, a Rus- 
sian herpetologist, studied the 1200 specimens of am- 
phibians and reptiles, and published ‘Wissenschaftliche 
Resultate der von N. M. Przewalski nach Central-Asien 
unternommenen Reisen. Zoologischer Theil. Amphibien 
und Reptilien (Band 3, Abt.1)’ in 1898—1912, of which 8 
species and 6 new subspecies were recorded. From 1915 
to 1930, Zarevsky studied the specimens collected from 
Inner Mongolia, Sichuan (in Batang and Kangding), 
Qinhai, and Tibet by Kozlov in 1899-1926, and disco- 
vered 5 new species of amphibians (Zarevsky, 1924, 1925a, 
1925b, 1930). 

From 1885 to1901, German zoologist Boettger studied 
many of the Chinese amphibian specimens preserved in 
Frankfurt, which were collected from Hubei, Anhui (in 
Wuhu), Zhejiang (in Ningbo), Shanghai, Hong Kong, 
Hainan Island, Guangdong and Guangxi, and published 
about 10 articles, of which ‘Materialien zur Herpetolo- 
gischen Fauna von China (I, Il, III)’ were published in 
1885, 1888, and 1894, respectively, and recorded 40 
species of Chinese amphibians, including several new 
species. 

Since 1894, many Japanese researchers traveled to 
China to survey bio-resources, from which several papers 
were published. Maki started collecting specimens from 
Taiwan, China in 1911, and published a paper ‘Notes on 
the Salamanders Found in the Island of Formosa’ (1922), 
in which three new species of tailed amphibians were 
recorded, Hynobius arisanensis, H. formosanus and H. 
sonani. Mori published ‘A Hand-list of the Manchurian 
and Eastern Mongolian Vertebrata, Amphibia’ (1927a) 
and ‘On a New Hynobius from South Manchuria’ (1927b). 
Okada published ‘The Tailless Batrachians of the Japa- 
nese Empire’ (1931), ‘The Anuran Fauna of Formosa’ 
(1934) and ‘Amphibia and Reptilia of Jehoh’ (1935). 

From 1899 to 1910, Wilson (Wilson visited China four 
times, and the first two represented by UK and the last 
two by USA) and Zappey from USA visited China se- 
veral times, and kept their collections of specimens at 
Harvard University. Jordon and Barbour studied these 
specimens together with those collected by Owston, and 
published several papers, in which two new species were 
recorded, Bufo bankorensis Barbour, 1908, and Kaloula 
borealis (Barbour, 1908). 

For 10 years starting from 1916, Andrews from USA 
organized a group to survey Middle Asia, and explored 
most of China. Among them, from 1921 to 1926, Pope 


surveyed in Guangdong, Hainan Island, Hunan, Fujian, 
Anhui, Shandong, Hebei and Shanxi. Specifically, Pope 
investigated Fujian and Hainan Island, collecting a large 
number of specimens of amphibians while documenting 
their life history and ecology. Based on these data and 
specimens, Pope published several papers, of which 
‘Notes on Amphibians from Fukien, Hainan, and Other 
Parts of China (1931)’ recorded 2 orders, 9 families, 18 
genera, and 67 species with morphological descriptions, 
life history, and biological data. 

Stejneger from USA studied the amphibian specimens 
that were preserved in the American National Museum 
and also collected specimens from Japan and China, in- 
cluding Inner Mongolia, Hebei, Beijing, Sichuan, Tibet, 
Yunnan and Taiwan, and published several papers and/or 
monographs, ‘Herpetology of Japan and Adjacent Terri- 
tory’ (1907). In 1927, he created a new genus Altirana 
endemic to the Qinghai-Tibet Plateau, which was later 
synonymized with the genus Nanorana by Lu et al. 
(1995). 

Taylor, also from the USA, studied amphibians col- 
lected by Light from Fujian, Hainan Island and Jiangsu, 
and published a paper ‘Notes on Chinese reptiles and 
amphibians’ (1934), in which a new species Rana lighti, a 
junior synonym of Pelophylax fukiensis (Pope, 1929) now, 
was recorded. From 1925 to 1956, Schmidt studied 1800 
specimens preserved at the American Museum of Natural 
History, of which 1389 specimens were collected in the 
3 Asian Survey, and produced several publications. In 
them, Schmidt (1925a, b; 1927) recorded 40 species, be- 
longing to 11 genera and 7 families, including two new 
species, Batrachuperus tibetanus (Schmidt, 1925) and 
Bufo andrewsi (Schmidt, 1925). In addition, some tailed 
amphibians of China were recorded in ‘The Salamanders 
of the Family Hynobiidae’ (Dunn, 1923) and ‘Les Sala- 
mandres d’Europe, d’Asie et d’Afrique du Nord’ (Thorn, 
1968). 

Of the foreign zoologists teaching at Chinese universi- 
ties, Gee and Boring, from 1919 to 1930, collected a 
large quantity of data and literature on Chinese amphibi- 
ans, and published ‘A Check List of Chinese Amphibia 
with Notes on Geographical Distribution’ (1929), which 
recorded 131 species, belonging to 25 genera, 10 families 
and 2 orders, with original notes, type localities, distribu- 
tion ranges, etc. From 1930 to 1945, Boring collaborated 
with Pope CH, Liu CC, Chang TK, and Xu XP and pub- 
lished ten more treatises, of which the book ‘4 Survey of 
Chinese Amphibia’ (Pope and Boring, 1940) was based 
on the Chinese amphibians preserved in more than ten 
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museums. This book recorded 87 species of Chinese am- 
phibians with taxonomic discussion of each species and 
the preservation states of those specimens in museums. 
Following this, based on all the collected literature on 
taxonomic studies of Chinese amphibians, Boring (1945) 
wrote ‘Chinese Amphibian: Living and Fossil Forms’ 
recording living and fossil species with a nomenclatural 
list and geographic distributions. 

3.1.2 By Chinese scientists 
studies of Chinese amphibians by Chinese scientists be- 
gan in the 1920’s. When Ping Chi returned from the USA 
in 1920, he created the Biology Department in Nanjing 


The earliest surveys and 


University, and was one of the founders of ‘Fan Memo- 
rial Institute of Biology’ in Beijing. In addition, he started 
the “Journal of Biology”. All these activities provided a 
basis for Chinese biological research, including herpeto- 
logical research. From 1926, he, together with his stu- 
dents Chang MLY, Chang TK, Fang PW, Hsu XP, and Wu 
HW, carried out several field surveys in eastern China, 
southern China and Sichuan, with the subsequent disco- 
very of new species. The work of Wu (1929) and Shaw 
(1929) opened the prelude to the researches of Chinese 
amphibians by Chinese scientists. After that, Wu (1930), 
Hsu (1930), Fang and Chang (1932), and Chang (1932) 
published many papers on Chinese amphibians. In addi- 
tion, monographs including ‘Study of Some Amphibians 
from Szechuan’ (Chang and Hsu, 1932), ‘Amphibiens 
Urodeéles de la Chine’ (Chang, 1936), ‘Notes on Am- 
phibia from Bohea Hill, Fukien’ (Ting, 1944) were also 
published. 

In northern China, the main research group for Chi- 
nese amphibians consisted of Liu CC and Chang TK, and 
Professor Boring AM from USA. From 1929 to 1931, Liu 
CC worked in Shenyang, and then went to Beijing and 
conducted many surveys and research projects on the 
amphibians of northern China, particularly on the life 
history and secondary sex characteristics of frogs. From 
1937, Liu CC worked at Union University of Western 
China in Chengdu. He, together with approximately ten 
colleagues, carried out several field surveys of amphi- 
bians in western Sichuan and Gansu, and collected a large 
amount of specimens and biological data, based on which 
30 papers were published. The papers ‘The Linea Mascu- 
lina, a New Secondary Sex Character in Salientia’ (1935), 
and ‘Types of Vocal Sac in Salientia’ (1935) attracted in- 
terest and notice from both inside and outside of China. 
He finished his first book ‘Amphibians of Western China’ 
in 1950, in which 74 species of amphibians in western 
China were recorded. In addition, he discovered 27 new 


species and created one genus, Vibrissaphora. The rich 
content in this book is a continual source of inspiration 
for studying amphibians both in China and on a global 
scale. 


3.2 Surveys and research of Chinese amphibians since 
1950 

3.2.1 Faunal surveys and sytematic research After 
1950, a greater number of individuals and institutional 
Chinese scientists carried out surveys of Chinese am- 
phibians. For example, Ting (1950) surveyed amphibians 
of Fujian, Chen (1956) studied amphibians of Chinese 
Taiwan, Huang (1958) wrote about the amphibians of 
Xishuangbanan in Yunnan, Mao (1959) about amphibians 
of Hangzhou of Zhejiang, Zhou and Shan (1961) about 
amphibians of Henan, Zhou (1962) about amphibians of 
Jiangsu, Xue (1963) about amphibians of Wuhan in 
Hubei, Zhou et al. (1963) about amphibians of Guang- 
dong, Wang et al. (1964) about amphibians of Tianjing, 
Shen (1965) about amphibians of Hunan, and Guo (1966) 
about amphibians of Zhejiang. 

From 1952 to 1970, Liu CC and Hu SQ organized for 
their colleagues from the Sichuan Medical College, and 
Chengdu Institute of Biology, Chinese Academy of Sci- 
ences (CIB), and carried out broad field surveys of Chi- 
nese amphibians in Sichuan, Yunnan, Guizhou, Shaanxi, 
Fujian, Guangxi, and the Hainan Island. Approximately 
100 individuals took part in these surveys, collecting 
more than 30,000 specimens, and publishing several pa- 
pers. For example, Liu and Hu (1959, 1962), Liu et al. 
(1960a, b; 1962), and Hu and Yang (1960), Hu et al. 
(1966) reported on amphibian diversity, including some 
new species and national new records, which discussed 
the amphibian fauna of the above mentioned regions. In 
addition, during this period in the 1950s, Liu et al. (1959) 
wrote the book ‘Atlas of Chinese Animals: Amphibians’, 
which was the first atlas of Chinese amphibians, in which 
42 species were recorded. Liu and Hu (1961) wrote the 
book ‘Tailless Amphibians of China’, in which 120 spe- 
cies known then in China were recorded along with 
taxonomic status, morphological narratives, and biologi- 
cal data for each species, phylogenetic relationships of 
some genera and species, as well as issues worthy of fur- 
ther research were suggested also. Undoubtedly, the 
works above have played a significant role in promoting 
further research of Chinese amphibians and development 
of Batrachology. After that Zhou (1965) published the 
book ‘Anatomy of the Frog Body’. 

The 1970’s was the period in which surveys of Chi- 
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nese amphibians were conducted throughout China. A 
workshop on compiling ‘Fauna Sinica’ was held in Fe- 
bruary, 1973 in Guangzhou, and then the workshop on 
compiling ‘Fauna Sinica: Amphibia’ was organized in 
December, 1973 in Chengdu. These projects undoubtedly 
accelerated China’s surveys and further research of am- 
phibians, as well as compiling provincial fauna of Am- 
phibia. During the 1970’s, more than 100 papers were 
published, 70% of them were on taxonomic studies and 
fauna analyses. For example, Liu et al. (1973, 1979), Hu 
et al. (1973), Yang et al. (1976), Sichuan Institute of Bio- 
logy (SIB, former name of CIB, Fei et al., 1976, 1977; 
Fei and Ye, 1976; Hu et al., 1974; Ye and Fei, 1974, 1976; 
Zhao and Wu, 1974) reported some new species and nes 
national new records. SIB (Hu et al., 1977) compiled the 
book ‘Sytematic Key to Amphibians of China’, which 
recorded 204 species known then in China, belonging to 
35 genera, 11 families and 3 orders. During that time, it 
was the most complete and useful reference book, and 
played an important role in the surveys and taxonomic 
research of Chinese amphibians. Yang et al. (1978) pub- 
lished ‘Amphibians and Reptiles of the Gaoligong 
Mountains, Western Yunnan’, in which 27 species or 
subspecies of amphibians were recorded. 

In the 1980’s, Chinese batrachological research rapidly 
advanced, it not only included surveys, taxonomic studies 
and fauna analyses, but also developed ecological, em- 
bryonic, cellular-genetic, biochemical, anatomical, histo- 
logical, acoustical and paleontological studies, as well as 
conservation biology. Special projects were carried out, 
for example, ‘Ecological Studies of Cynops cyanurus’ 
(1980-1984), ‘Generic and specific taxonomic studies of 
Hynobiidae? (1982-1985), ‘Taxonomic studies of 
Rhacophoridae’ (1987) by CIB, ‘Generic and specific 
taxonomic studies and phylogeny of Chinese Pelobatids’ 
(1986-1990) by CIB collaborated with Yunnan University 
and Chongqing Museum, based on which series of pa- 
pers were published. During this period, about 450 pa- 
pers were published, 270 covered species diversity, 
taxonomy of amphibian fauna. This 2.6—2.7 times higher 
than those published in the passed 30 years. In addition, 
some provincial amphibian fauna, and reference books 
and monographs were published: ‘Amphibians of Tai- 
wan’ (Lue and Chen, 1982), ‘Identification Manual of 
Chinese Amphibians and Reptiles’ (Tian and Jiang, 
1986), ‘Studies on Chinese Tailed Amphibians’ (Zhao 
and Hu, 1984), ‘The Amphibian Fauna of Guizhow (Wu 
et al., 1988), ‘Fauna Liaoningica: Amphibia Reptilia’ 
(Ji et al., 1987), ‘Amphibia-Reptilia of Xizang’ (Hu et al., 


1987), ‘Hong Kong Amphibians and Reptiles’ (Karsen et 
al., 1988), and ‘Economical Fauna of Qinghai: Amphibia’ 
(Huang, 1989). 

In the 1990’s, Chinese batrachological research 
achieved various results in many aspectes. During this 
decade, more than 470 papers and 20 monographs were 
published, some of them derived from the following spe- 
cial projects: “Generic and specific taxonomic studies of 
the family Ranidae’, ‘Taxonomic studies of the genus 
Rana’, ‘Reproductive ecological studies of Echinotriton 
chinhaiensis’, and ‘Taxonomic studies of the genus 
Odorrana’ carried out by CIB, ‘Phylogenetic studies of 
torrent frogs’ and ‘Taxonomic studies of the family Bufo- 
nidae’ done by Kunming Institute of Zoology, CAS (KIZ), 
‘Artificial breeding and conservation of Ranodon sibiri- 
cus’ by Xinjiang Normal University, ‘Reproductive eco- 
logy of Cynops orientalis’ by Hunan Normal University, 
‘Reproductive ecology of Tylototriton kweichowensis’ by 
Liupanshui Teacher’s College. Six of the 20 mono- 
graphies are national range: 1) ‘Key to Chinese Amphibia’ 
(Fei et al., 1990), which recorded 279 species or subspe- 
cies known then in China, belonging to 58 genera or 
subgenera and 11 families or subfamilies; including one 
new subfamily Occidozyginae, five new genera (Pseu- 
dorana, Rugosa, Tigrina, Glandirana, and Odorrana), 
three new subgenera (Paa (Quadrana), Paa (Uncu- 
luanus), and Hylarana (Tenuirana)), and six new species; 
2) ‘Rare and Economic Amphibians of China’ (Ye et al., 
1993); 3) ‘Latin-Chinese-English Names of Amphibians 
and Reptiles’ (Zhao et al., 1993, with the names of am- 
phibia written by Hu SQ, Fei L, and Ye CY); 4) ‘Herpe- 
tology of China’ (Zhao and Adler, 1993); 5) ‘China Red 
Data Book of Endangered Animals: Amphibia & Reptilia’ 
(Zhao, 1998); and 6) ‘Atlas of Amphibians of China’ (Fei, 
1999), which recorded 302 species known then in China, 
belonging to 59 genera or subgenera in 11 families of 3 
orders. Eight of the monographs are on provincial faunas: 
1) ‘Fauna of Zhejiang: Amphibia/Reptilia’ (Huang et al., 
1990); 2) ‘The Amphibian and Reptilian Fauna of Anhui’ 
(Chen, 1991); 3) ‘The Amphibia-Fauna of Yunan’ (Yang, 
1991); 4) ‘Vertebrata Fauna of Gansu: Amphibia’ (Song 
and Yao, 1991); 5) ‘Amphibians and Reptiles of the 
Hengduan Mountains Region’ (Zhao and Yang, 1997); 6) 
‘Amphibians and Reptiles of Shanxi Province’ (Fan et al., 
1998); 7) ‘Atlas of Amphibians and Reptiles of Taiwan’ 
(Lu et al., 1999); and 8) ‘Tadpoles of Taiwan’ (Chou et 
al., 1997). In addition, six books regarding the economic 
use and popular science of Chinese amphibians were 
published. The accomplishments above greatly enriched 
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the research content of Chinese amphibian taxonomy, 
solid 
achievements that the Chinese researchers attained in the 
1990’s. 

For the first decade of the 21" century, Chinese herpe- 


fauna and conservation, and confirmed the 


tologists have made a satisfactory progress in amphibian 
research. During the first decade, the work of compiling 
‘Fauna Sinica: Amphibia’, which was started in 1973, 
was completed and was published in three volumes in 
2006, January 2009 and August 2009, respectively (Fei et 
al., 2006, 2009a, 2009b). In all, it recorded 355 species or 
subspecies known in China then, belonging to 61 genera 
plus 9 subgenera and 11 families plus 10 subfamilies. This 
work is the first in China to record species with a list of 
synonyms, diagnoses, detailed descriptions of morphology 
for adults, tadpoles and eggs, biological data, secondary 
sexual characteristics, distributions with maps, characteris- 
tic figures, and taxonomic discussions where necessary. 
The book ‘Colored Atlas of Chinese Amphibians’ (Fei et al., 
2010a), as a sister work to ‘Fauna Sinica: Amphibia’, re- 
corded 355 species plus 11 subspecies and 4 introduced 
species with Chinese names, Latin names, English names, 
brief descriptions of morphological characters for adults, 
tadpoles, juveniles and eggs, biological data, population 
status, distribution, and color photos including dorsal and 
ventral views, color variation of males and females, tad- 
pole or juvenile, eggs, and habitat. These two sister-works 
complement each other to help understand Chinese am- 
phibians. In addition, ‘An illustrated Key to Chinese Am- 
phibians’ (Fei et al., 2005) is a field guide, and is useful in 
field surveys of Chinese amphibians; ‘Cytotaxonomy of 
Amphibian in China’ (Li, 2007) recorded karyotype and/or 
chromosome banding patterns of 205 species of Chinese 
amphibians, and analyzed their evolution with relation- 
ships between them and speciation. 

Some books or atlases of provincial fauna of amphibia 
were published in this decade too, including ‘Amphibians 
in Guangxi’ (Zhang and Wen, 2000), ‘The Colour Hand- 
book of the Amphibians of Sichuan’ (Fei and Ye, 2001), 
‘Amphibia and Reptilia of Yunnan’ (Yang and Rao, 2008), 
‘Herpetologica Fauna of Heilongjiang’ (Zhao, 2008), and 
‘Amphibians and Reptiles of Tibet’ (Li et al., 2010), 
‘Field Guid to the Amphibians of Taiwan’ (Yang, 2008), 
‘Illustration to Amphibians and Reptiles of Taiwan’ 
(Xiang et al., 2009). 

Since 2000, Chinese herpetologists have published 
more than 600 papers, approximately half of them were 
of surveys of amphibian diversity and systematics re- 
search, including description of 52 new species, 15 new 


tribes, and 8 new genera, and 5 new subfamilies. 

3.2.2 Ecological research Ecological studies of Chinese 
amphibians were documented after 1940, for example, 
Liu CC reported the life history of more than 10 species 
of amphibians before 1950. From 1950 to 1979 only a 
few ecological studies were reported, but after 1980 the 
ecological studies of Chinese amphibians accelerated. 
More than 250 papers on ecological studies have been 
published since 1980. This number is 5 times that of all 
the publications in the previous 40 years, with a wide 
range of contents including individuals, populations, re- 
production, behavior, physiological ecology, feeding, 
relationships between animal and environment and 
predators. These studies involved approximately 100 
species, including Andrias davidianus (Hu, 1987; Li and 
Lan, 1997; Liu et al., 1991; Song and Wang, 1989; Zheng 
and Wang, 2010), Batrachuperus tibetanus (Xu and Chen, 
1992), Cynops cyanurus (Fei and Ye, 1988), C. orientalis 
(Yang and Shen, 1993), Echinotriton chinhaiensis (Xie et 
al., 2000), Tylototriton kweichowensis (Tian et al., 1997), 
T. wenxianensis (Gong and Mu, 2008), Ranodon sibiricus 
(Miao and Chen, 1993; Yuan and Wang, 2009), Oreolalax 
puxiongensis (Fei and Ye, 1984), Vibrissaphora liui (Tang, 
1990), V. ailaonica (Chen et al., 1984; Li and Chen, 
1988), V. boringii (Zheng and Fu, 2007, Zheng et al., 
2010), Bufo raddei (Yao, 1984; Zhou and Song, 1997, 
1998; Zou, 1987), Bufo gargarizans (Li, 1987, 1988; 
Zhang et al., 2007; Liao and Lu, 2009a, 2009b), Hyla 
annectans chuanxiensis (Liao and Lu, 2010), Rana dy- 
bowskii (Ma, 1982, 1985), R. chensinensis (Lu, 2004; Lu 
et al., 2008, 2009, 2010; Ma et al., 2009), Hylaran 
daunchina (Dai et al., 2004), Rana kukunoris and Nano- 
rana pleskei (Dai et al., 2005, 2007a, 2007b; Qi et al., 
2007a, 2007b; Zhang et al., 2006; Lu et al., 2008), Nano- 
rana parkeri (Ma and Lu, 2009, Ma et al., 2009), 
Rhacophous dennysi (Shen et al., 1986), Rhacophorus 
(Lin 1988), 
megacephalus (Lin and Zhang, 1990), 
idiootocus (Lin and Zhang, 1990), Buergeria japonica 
and B. robusta (Huang et al., 2001), Hoplobatrachus 
chinensis (Chen, 1983; Geng and Cai, 1994), Fejervarya 
multistriata (Deng, 1992; Shen and Deng, 1985), Quasi- 
paa boulengeri (Yuan and Wen, 1990), Q. spinosa (Liang 
and Huang, 1984; Lin and Yu, 1990; Yu and Tu, 1997; 
Zou and Zhong, 1986), and Chirixalus eiffingeri (Kam et 
al., 1996, 1997). Some of the species above and related 
studies had been recorded and illustrated by movies, e.g., 


taipeianus and Yang, Polypedates 


Chirixalus 


Ranodon sibirica, Echinotriton chinhaiensis, Rhacopho- 
rus taipeianus, and Kurixalus eifingeri. 
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3.2.3 Anatomical research Morphology has and con- 
tinues to be the primary way of studying and describing 
taxa. The anatomical studies are part of morphology, so 
the anatomical studies of amphibians have been playing 
an important role in morphological taxonomy, particu- 
larly the skeletal characteristics are essential on the vali- 
dation of the generic taxonomy or its upper levels. More 
than 40 papers on anatomical studies were published after 
1980, approximately 10 times that of the 30 years prior to 
1980, with contents including skeleton, muscle, digestive 
system, reproductive system, and the nervous system of 
adults and tadpoles of several decades of amphibian spe- 
cies. More studies were carried out on Andrias davi- 
dianus, including its skeleton (Wu, 1982; Qiu and Yang, 
1986), skin and muscular system (Wu and Gao, 1982), 
nervous system (Wu, 1988), digestive system (Wu, 1990), 
and reproductive system (Luo et al., 2002). Most of the 
other anatomical studies were done for a group of species 
rather than a single species, particularly the skeleton, 
including a report on 12 species of the genus Scutiger 
(Fei and Ye, 1987), Chinese Ranidae (Fei et al., 1990), 
Amolops (Yang, 1991), 14 species of Rhacophoridae 
(Jiang et al., 1987), and the genus Paramesotriton (Pang 
et al., 1992), etc. In addition, Huang et al. (1991) re- 
ported the internal oral structure of the tadpoles of 17 
species, belonging to 7 genera of Megophyidae, and 
Chou and Lin (1997) reported the structure of tadpoles of 
amphibians distributed in Taiwan. Besides the studies 
above, there are anatomic studies on osteology of some 
species such as Hynobius keyserlingii (Ma, 1964), Hyla 
tsinlingensis (Feng, Liu, 1985), Pachyhynobius shang- 
chengensis (Li and Qu, 1986) and Scutiger sikimmensis 
(Fei and Ye, 1986). 

3.2.4 Embryological research The study of embryo- 
logy is one of the most important parts of Chinese am- 
phibian research. More than 58 papers in this field were 
published after 1980, which is 5 times as many as those 
published before 1979, and involved ~40 species, inclu- 
ding Cynops orientalis (Geng et al., 1960; Cai, 1978), 
Cynops cyanurus (Wang et al., 1984), Hynobius chinensis 
(Cai et al., 1985), H. guabangshanensis (Mi et al., 2007), 
Paramesotriton hongkongensis (Kong and Tong, 1986), 
Vibrissaphora leishanensis (Fei et al., 1985), V. boringii 
(Fei et al., 1987), Kaloula rugifera (Fei and Ye, 1983), K. 
borealis (Li et al., 1998), Quasipaa spinosa (Yu and Lin, 
1995; Geng et al., 2000), Q. boulengeri (Li and Li, 1955), 
Odorrana versabilis (Geng et al., 1997), O. tormota 
(Xiong et al., 2010), Hyla chinensis (Geng et al., 1999), 
Hyla immaculate (Wu, 1987), Hynobius leechii (Jiang, 


1985), Bombina orientalis (Li et al., 1991), Andrias 
davidianus (Yang et al., 1983; Liu et al., 1994), Micro- 
hyla ornate (Liu et al., 1996), Rana chensinensis (Shen, 
1983), R. zhenhaiensis (Zhang, 1989), Scutiger boulengeri 
(Song and Ouyang, 1985), Bufo raddei (Ge et al., 1982), 
Bufo gargarizans (Wang et al., 1984), B. melanostictus 
(Ye et al., 1986), Pelophylax nigromaculatus (Wang, 
1958), Fejervarya multstriata (Wu, 1981), Echinotriton 
chinhaiensis (Xie et al., 2001), Batrachuperus tibetanus 
(Xu and Cui, 1993), Hylarana guentheri (Zou et al., 
2001), Polypedates megacephalus (Xu et al., 2007), 
Chirixalus eiffingeri (Kam et al., 1998), Hoplobatrachus 
chinensis (Pang and Liang, 1990), and Torrentophryne 
aspinia (Rao and Yang, 1994). All the above studies 
summarized the special features and patterns in embryo- 
logical development of various amphibian families and 
assisted in accumulating abundant data on the develop- 
mental studies of animals. 

3.2.5 Biochemical research Chinese scholars began to 
adopt biochemical methods to study Chinese amphibians 
by the end of of the 1970’s, mainly on the use of isozymes 
and other proteins (or peptide), chromosomes and DNA. 
Studies on isozyme and other proteins (or peptide) 
Studies on isozymes were mainly done for lactate 
dehydrogenase (Chen and Chen, 1988; Feng et al., 1995; 
Gu and Tian, 1997; Liu and Liu, 1986; Wei et al., 1991; 
Yang, 1983; Yuan et al., 2000; Zeng et al., 1993; Li et al., 
1992; Du et al., 1990; Yu et al., 1992; Xu and Ma, 1996), 
and few reports were made on esterases and peroxidases 
(Chen et al., 2000), and malic acid dehydogenase (Yu et 
al., 1992). Studies on proteins were mainly conducted for 
lens proteins (E and Chen, 1984a, 1984b; Ye et al., 1994; 
Fei et al., 1986, 1989, 1995), and few reports on blood 
albumin (Yang, 1983). Most studies aimed to elucidate 
the relationships between and among taxa, some to test 
the differences among different tissues. Studies on pep- 
tides were mainly done to elucidate diversity of skin pep- 
tides, and to separate and purify bioactive molecules 
(Tian et al., 2008). 
Studies on chromosomes Studies on chromosomes for 
amphibians in China began at the end of the 1970s when 
Wu (1978a, 1978b) reported the cultivation of tissues and 
cells from amphibians (Bufo gargarizans and Pelophylax 
plancyi), and the study on chromosomes of cultured am- 
phibian somatic cells in vitro. After that, the studies on 
chromosomes of the amphibians in China gradually de- 
veloped all over China. Different methods were deve- 
loped to study chromosomes of amphibians, including 
cultivation of tissues and lymphocyte (Wu, 1978a, 1978b), 
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slide press of tail of embryo with tail bud (Gao and Ye, 
1985), or cells of bone marrow (Wen et al., 1981; Wu, 
1982), and chromosome banding (Sichuan University, 
1984). Since 1980, more than 200 papers on the studies 
of chromosomes of Chinese amphibians have been pub- 
lished, involving more than 200 species of Chinese am- 
phibians. Most of them reported basic data of karyotypes 
and (or) chromosomal banding pattern, and a few further 
discussed the phylogenetic relationships between taxa 
based on the comparative data. Information from chro- 
mosomal studies has played an important role in eluci- 
dating taxonomic and phylogenetic issues. 

Although Li (2007) systematically summarized the 
studies on chromosomes of Chinese amphibians in the 
book ‘Cytotaxonomy of Amphibian in China’, it is worthy 
to mention here some representative studies: 1) the Chi- 
nese species that were first reported on their karyotype in 
each family included Ichthyophis bannanicus, the only 
representative of the family Ichthyophidae in China (Wen 
and Pang, 1990), Salamandrella keyserlingii of the family 
Hynobiidae (Wang et al., 1983), Andrias davidianus of 
the family Cryptobranchidae (Morsecalchi et al., 1977), 
Bombina orientalis of the family Bombinatoridae (Jiang 
et al., 1984), Vibrissaphora liui liui of the family Mego- 
phryidae (Wu et al., 1981), Bufo gargarizans of the fa- 
mily Bufonidae (Wu, 1978b), Hyla gongshanensis gong- 
shanensis of the family Hylidae (Li et al., 1981), Pelo- 
phylax fujiensis and Boulengerana guentheri of the fa- 
mily Ranidae (Lin and Huang, 1979), Fejervarya multis- 
triata, Hoplobatrachus chinensis, and Limnonectes fujia- 
nensis of the family Dicroglossidae (Lin and Huang, 
1979), Occidozyga lima and Phrynoglossus martensii of 
the family Occidozygidae (Zhao et al., 1987), Buergeria 
robusta of the family Rhacophoridae (Kuramoto, 1977), 
and Kaloula borealis (Wu and Yang, 1981; Jiang et al., 
1981); and 2) Sexual differentiation of chromosomes has 
been discovered in ten species of Chinese amphibians. 
The ZW type was found in the species Tylototriton 
kweichowensis by Gu and Tian (2000), Bufo gararizans 
from Shanghai by Wen et al. (1981, 1983) and from Bei- 
jing by Shang and Deng (1983), while the XY type was 
found in Paramesotriton chinensis by Zhang et al. (1985), 
Pseudepidalea raddei by Deng and Shang (1984), Pelo- 
phylax nigromaculatus from Beijing by Wu and Zhang 
(1985), and from Chengdu by Heng et al. (1984), 
Rugosa tientaiensis by Guo (1994), Rugosa emeljianovi 
by Zhao et al. (2004), Odorrana swinhoana by Kuramoto 
(1996), Amolops mantzorum by Wu and Zhao (1985) 
and Wu et al. (1987). In addition, Wu and Zhao (1984) 


and Liu and Zan (1984) independently discovered that 
all chromosomes of Gynandropaa sichuanensis and 
Gynandropaa phrynoides, respectively, were T type, the 
same as found in Unculuana unculuana by Liu et al. 
(1993) and Li and Hu (1994). Wu and Zeng (1994) 
nominated a super-species based on karyotype of 
Rhacophorus dugritei. 

Studies using DNA Approaches applied for the study 
of DNA sequences include fingerprinting, RFLP, RAPD, 
SSR and sequencing. Most of the studies on DNA of 
Chinese amphibians were done by sequencing, few by 
SSR, and few by fingerprinting (Xie et al., 2005). Almost 
all the studies on DNA aimed to elucidate phylogenic 
relationships between taxa, based on which their phy- 
logenetic systematics and zoogeographical issues were 
discussed, besides some sequenced complete mtDNA 
genomes (ref. Chen et al., 2008). For a detail summary 
on the studies on DNA of Chinese amphibians, see the 
section below. 

3.2.6 Phylogenetic and zoogeographic research Phy- 
logenetic research of Chinese amphibians was first re- 
ported in ‘Tailless Amphibians of China’ by Liu and Hu 
(1961), showing the relationships among 34 species of 
the genus Rana (sensu lato). Subsequently, phylogenetic 
research on Chinese amphibians surfaced again after the 
mid 1980’s, including phylogenetic relationships among 
tailed amphibians of China (Zhao and Hu, 1984), Chinese 
tree frogs (Jiang et al., 1987), species of the genus Oreo- 
lalax (Xu et al., 1992; Fu and Murphy, 1997; Wei et al., 
2009), species of the genus Scutiger (Ye et al., 1992; Fu 
et al., 1997), species of the genus Odorrana (Ye and Fei, 
2001), Amolops (Yang, 1991), and Rana japonica group 
(Xie et al., 2000). Fei et al. (1984) discussed the geo- 
graphical distribution and differentiation center of the 
family Hynobiidae, as well as the phylogenetic relation- 
ships among its members. Fei and Ye (1989, 1990) stu- 
died the geographical distribution, origin, evolution, and 
differentiation center of the high-altitude megophryid 
toads (the genera Scutiger and Oreolalax) with their rela- 
tion to the formation of the Qinghai-Xizang Plateau. Al- 
most all of these studies were done based on the skele- 
tons and external morphological characters of the animals, 
with combination of the data derived from biochemical 
and ecological studies. 

On entering the 21“ century, most of phylogenetic 
studies were inferred from the sequences of mtDNA and 
some combined with nuclear DNA, including the 
phylogenetic relationships among hynobids (Fu et al., 
2001, 2003; Fu and Zeng, 2008; Zeng and Fu, 2004; 


No. 2 


FEI Liang et al. Progress and Prospects for Studies on Chinese Amphibians 73 


Zeng et al., 2006; Zhang et al., 2006; Xiong et al., 2007; 
Nishkawa et al., 2010; Peng et al., 2009), Chinese Giant 
Salamander Andrias davidianus (Murphy et al., 2000; 
Tao et al., 2005), salamandrids (Lu et al., 2004; Weisrock 
et al., 2006; Zhang et al., 2008; Wu et al., 2009, 2010), 
bell toads (Yu et al., 2007; Zheng et al., 2009), 
megophrids (Jiang et al., 2003; Zheng et al., 2004a, 
2004b, 2008; Fu et al., 2007; Rao and Wilkinson, 2008; 
Matsui et al., 2010), bufonids (Liu et al., 2000; Fu et al., 
2005), ranids (Jiang and Zhou, 2001, 2005; Jiang et al., 
2002, 2005; Chen et al., 2005; Zhang et al., 2005; Ngo et 
al., 2006; Cai et al., 2007; Che et al., 2007a, 2007b, 2009, 
2010; Zhao et al., 2009; Wang et al., 2009; Matsui et al., 
2010), Rhacophorids (Li et al., 2008, 2009; Yu et al., 
2009), and microhylids (Meijden et al., 2007). Recently, 
the studies of phylogeography, demographic history, and 
population genetic structure of Chinese amphibians based 
on DNA sequences or microsatellites were initiated, 
including Bufo gargarizans (Hu et al., 2007), Sylvirana 
latouchii (Jang-Liaw et al., 2008), Pelophylax 
nigromaculatus (Zhang et al., 2008), Quasipaa spinosa 
(Zheng et al., 2009), Fejervarya multistriata (Zhong et 
al., 2008), and Gynandropaa (Zhang et al., 2010). These 
studies are very important and helpful for the 
understanding of Chinese amphibians’ diversity, and their 
differentiation mechanism and formation of modern 
distribution patterns, as well as for modification of classi- 
fication system of taxa, for example, Fei et al. (2010b)’s 
phylogenetic systematics of the family Ranidae. 

3.2.7 Other research Besides the scientific disciplines 
mentioned above to study the amphibian fauna of China, 
scholars are beginning to use various methods from dif- 
ferent fields to carry out more integrative studies, inclu- 
ding the ultrastructures of organs (Zheng et al., 1984), 
cross breeding tests (Ding et al., 1965; Liu et al., 1990; 
Jiang et al., 1995), regeneration of organs (Chen and Wu, 
1957; Fei et al., 1987), abnormality surveys (Fei and Ye, 
1987a), studies on acoustics (Huang et al., 1982; Mu and 
Zhao, 1992; Jiang et al., 1995; Jiang et al., 2002; Xu et 
al., 2005; Feng et al., 2006; Cui et al., 2010), on fossils 
(Wang and Evans, 2006), on sperms (Liang, 1994; Zheng 
et al., 2000, 2002, 2004, 2006, 2010; Qin et al., 2008, 2010), 
and on diseases (Bai et al., 2010). In addition, more than 


100 popular science papers and books were published then. 

All the above studies contributed extensively to the 
accumulation of a large amount of basic biological data 
for Batrachology, and also contributed greatly to the 
conservation of Chinese amphibians and biology in general. 


4. Prospect of Surveys and Studies of Chinese 
Amphibians 


The advances in the research of Chinese amphibians 
summarized above show that Chinese scholars, at times 
in collaboration with international colleagues, have 
amassed a large amount of information on amphibians, 
indicated not only by the quantity and quality of papers, 
books and monographs, but also by their depth on the 
subjects, as a great contribution towards the further 
advancement of batrachology in China, and perhaps on a 
global scale. 

The ‘Fauna Sinica: Amphibia’ was published in three 
volumes in 2006, January 2009 and August 2009, respec- 
tively, increasing the number of known species or sub- 
species to 355, which is 4.1 times those recorded by Bo- 
ring (1945), and of which tailless amphibians are ap- 
proximately 2.6 times as those recorded by Liu CC and 
Hu SQ (1961). However, the increasing trends of new 
species discovered in these decades (Table 1) lead us to 
hypothesize that additional new forms of amphibians in 
China will be possibly discovered with further faunal 
surveys. In addition, national, provincial, and local new 
records of species have been reported at times. So it’s 
suggested that more detailed field surveys are necessary 
for the discovery of new taxa, and their distribution, as 
well as their population data, based on which living status 
of species can be measured more accurate rather than 
assessed by experiences of herpetologists (Xie et al., 
2007). According to the topography of China and the 
richness in species of Chinese amphibians in each subre- 
gion (Figure 1), the regions most likely to harbor unde- 
scribed species to increase the amphibian species diver- 
sity of China include the areas around the Sichuan Basin, 
southern slope of Himalayas, southern and western Yun- 
nan, Guangxi, western and northern Guangdong, Hainan 
Island and Wuyi Mountains. 


Table 1 New species discovered in China in different decades by Chinese herpetologists, excluding national new records 


Years -1949 1950-1959 


1960-1969 


1970-1979 1980-1989 1990-1999 2000-2009 


New species discovered 12 14 27 


32 38 39 32: 
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Figure 1 Zoogeographic regions and subregions of China with species number of amphibians in each subregion present in parentheses. 


The regions and subregions were redrawed from Zhang (1999). The A — E after I — VII mean subregions. 


The palaearctic realm: 


I. Northeastern China Region: A=Daxing’an Mountains; B=Changbai Mountains; C=Songliao Plain; 
IL. Northern China Region: A=Yellow River-Huai River Plain; B=Loess Plateau; 
III. Inner Mongolia-Xinjiang Region: A=Eastern Grass Land; B=Western Arid; C=Tianshan Mountains; 


IV. Qinhai-Xizang Region: A=Qiangtang Plateau; B=Qinghai-Southern Xizang. 


The oriental realm: 


V. Southwestern China Region: A=Southwest China Mountains; B=Himalaya Mountains; 
VI. Central China Region: A=Eastern Plain and Upland; B=Western Mountains and Plateau; 


VII. Southern China Region: A=Coastal areas of Fujian, Guangxi and Guangdong; B=Southern Yunnan; 


C=Hainan Island; D=Taiwan Island; E=Islands in South China Sea. 


With the accomplishment of the new compilation of 
amphibian fauna of China, researches of phylogeny, phy- 
logeography, demographic history, and population ge- 
netic structure of Chinese amphibians will proceed faster, 
wider and more profound. These will be greatly helpful in 
promoting systematics, particularly, classification system 
being modified scientifically in time, e.g., Fei et al. 
(2010b). However, the issue from a phylogenetic tree to 
the classification system is worth further study. 


As noted above, the researches on amphibian ecology, 
acoustics, conservation biology, functional biology, etc., 
are weaker than those on amphibian diversity and phy- 
logeny, but are well on their way to becoming more 
widely studied. 
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